Background: Several strategies to optimise the use of antibiotics have been developed. Most of these interventions can be classified as educational or restrictive. Restrictive measures are considered to be more effective, but the enforcement of these measures may be difficult and lead to conflicts with prescribers. Any intervention should be aimed at targets with the highest impact on antibiotic prescribing. The aim of the present study was to assess the adequacy of empirical and adjusted antibiotic therapies in a Swiss university hospital where no antibiotic use restrictions are enforced, and to identify risk factors for inadequate treatment and targets for intervention.
Background
Antibiotic resistance of bacteria is an increasing, worldwide problem [1] [2] [3] . The use of antibiotics is an important factor contributing to the emergence of antibiotic-resistant bacteria [4, 5] , and it is well known, that a large proportion of administered antibiotics is prescribed without proper indication [6] [7] [8] [9] [10] [11] . Published rates of inappropriate antibiotic use are as high as 41% to 91% [6, 11] .
Several strategies to optimise the use of antibiotics, often referred to as antibiotic stewardship programs, have been developed. These interventions can be classified into two main categories: educational, and restrictive or coercive [12] . Both types of intervention may be useful in reducing the amount of prescribed antibiotics and costs of therapy while maintaining quality of care [13, 14] . However, restrictive measures are considered to be more effective and to have a longer lasting impact than educational strategies [12] .
The aim of the present study was to assess the adequacy of empirical and adjusted antibiotic therapies at a Swiss university hospital where no restrictive measures regarding antibiotic use are in place, and to identify risk factors for inadequate treatment and targets for intervention.
Methods
The study was conducted prospectively during a period of 9 months (November 17, 2003 -July 31, 2004) on alternating weeks at the University Hospital Basel, a 700-bed hospital in Northwestern Switzerland providing primary and tertiary care for adult patients. The emergency department of this hospital handles all emergencies except gynecological/obstetrical, ophthalmologic and pediatric ones. In 2004, 38.5% of all in-patients were admitted through the emergency department.
Antibiotics available within the hospital are listed in the drug formulary. All drugs included in the formulary can be prescribed without restrictions. In addition, the hospital pharmacy provides drugs which are not in the formulary upon request, although physicians are encouraged to use listed agents. Written local recommendations for the antibiotic treatment of the most common infectious diseases are available to all hospital physicians on the intranet and as a booklet. These internal guidelines include recommendations on diagnosis and treatment of pneumonia, sepsis, endocarditis, urinary tract infections, infections of the central nervous system, intravascular catheter-related infections, fever in neutropenic patients, and on empirical therapy in patients with suspected infection. The guidelines focus mainly on the choice and on the dose of the antibiotic. Recommendations on duration of therapy (and on duration of i.v. therapy) are provided for some indications (e.g. endocarditis, meningitis, intravascular catheter-related infections, urinary tract infections). There are no general recommendations for the switch from i.v. to p.o. An active infectious diseases consultation service is present in the hospital and has a close collaboration with the microbiology laboratory. In addition, weekly infectious diseases rounds are held on all medicine wards, on the bone marrow transplant unit and on the intensive care units.
All patients admitted to the University Hospital Basel through the emergency department during the mentioned period were included in the study and prospectively followed-up for the use of therapeutic antibiotics. Data of all patients receiving an antibiotic therapy within 24 hours of admission were further analysed. These patients began an antibiotic treatment within 24 hours of admission or continued an antibiotic treatment started in another hospital. They were treated as in-patients on the emergency department ward, or transferred to the departments of internal medicine (including neurology and geriatrics), surgery, or to an intensive care unit, either directly after admission, or subsequently from the emergency department ward. The following patients were excluded: patients admitted to the eight-bed acute psychiatric intervention unit, to dermatology, ophthalmology, gynecology/obstetrics, or otorhinolaryngology wards; patients given antibiotics for prophylaxis or for Helicobacter pylori eradication; patients who started antibiotic therapies as out-patients and patients transferred to another hospital within 48 hours of admission.
Information on demographics, admission diagnoses, empirical and adjusted antibiotic therapies, duration of therapy, specimens submitted for bacteriological testing, results of microbiological investigations, involvement of infectious diseases consultants, Charlson comorbidity index [15] , McCabe index [16] and systemic inflammatory response syndrome (SIRS) parameters were prospectively recorded on a standardised case report form. After discharge, all prospectively collected data were verified and completed by chart review. In addition, data on microbiological investigations were retrieved from the microbiology lab's internal computer system. Each case report form with the corresponding chart was reviewed together by two of the authors (J.M., S.B.), who assessed the adequacy of empirical and adjusted antibiotic therapy by consensus. Prescribing was reviewed daily and the appropriateness of the antibiotic, the dose and route of administration were assessed at any time during the course of therapy.
The empirical antibiotic therapy was defined as the initial antibiotic regimen started within 24 hours of admission. The adjusted antibiotic therapy was the antibiotic regimen after the first change of antibiotic substance. The switch of the same antibiotic from i.v. to p.o. was not considered to be an adjustment of therapy. Finally, we defined an antibiotic therapy as inadequate when one or more of the following points were not in accordance with local written recommendations or published guidelines (e.g. The Sanford Guide to Antimicrobial Therapy, practice guidelines of the Infectious Diseases Society of America): spectrum, dosage, application modus of antibiotics, or the duration of therapy, and/or when pathogenic bacteria that were resistant to the antibiotic used were isolated. If the application modus was considered to be not appropriate, the reason was recorded as "insufficient dosage" (e.g. if a patient with catheter-related bloodstream infection caused by S. aureus was treated with amoxicillin/clavulanate p.o.), or "excessive dosage" (e.g. if a patient with uncomplicated pneumonia caused by susceptible S. pneumoniae was kept on penicillin i.v.).
Statistical Methods
For the univariate analyses, t-tests between continuous variables and Chi-squared tests (or Fisher's Exact tests when appropriate) between categorical variables were used. All associations found to be statistically significant at the 25% significance level in the univariate analysis were collectively considered for the multivariate analysis to produce a model for both the empirical antibiotic therapy and adjusted antibiotic therapy separately. The multivariate analysis used a logistic regression model with an underlying binomial distribution with the Logit link. The goodness of fit of the model was assessed with the Log likelihood ratio test. The covariates considered for the empirical antibiotic therapy multivariate analysis were gender, age, neurological ward, involvement of infectious disease consultants, renal failure, use of broad-spectrum antibiotics, and superficial skin infections. For the adjusted antibiotic therapy multivariate analysis the following were considered: switch of antibiotic therapy due to bacteriological lab results, involvement of infectious disease consultants and patients with respiratory tract infections; however, none of these variables were found to be of importance in the final model. Confounders and plausible interactions considered were found not to be statistically significant for entry into the model. All statistical analyses were carried out using SAS version 8.2 (SAS Institute Inc., Cary, NC, USA). 
Results
During the nine-month study period a total of 7792 patients were admitted to the University Hospital Basel through the emergency department. Of these patients, 3387 were admitted during the weeks when the study was carried out. Referral to another hospital within 48 hours after admission led to the exclusion of 224 patients. Referral to the psychiatry, dermatology, gynecology/obstetrics or otorhinolaryngology wards led to the exclusion of 88 patients, and 132 patients were excluded since they were given therapeutic antibiotics prior to admission in an outpatient setting (all these 132 patients had received antibiotics p.o.). A total of 572 of the remaining 2943 patients (19.4%) were given therapeutic antibiotics within 24 hours after admission. Incomplete or missing records led to the exclusion of 33 patients. The remaining 539 patients (94.2%) were analyzed. Data on demographics, infectious diseases diagnosed on admission, and the service in charge of these patients are presented in Table 1 .
Bacteriological investigations
Within 48 hours of admission a total of 716 bacteriological samples were taken from 438 patients (81.3%). The most commonly performed investigations were blood cultures (333 patients, 61.8% of all patients), urine cultures (181, 33.6%) and cultures of sputum or bronchoalveolar lavage (86, 16.0%). Two-hundred and fourteen pathogenic bacterial isolates were identified in 183 patients. The most common were Escherichia coli (64 patients, 12%), Staphylococcus aureus (27 patients, 5%), Streptococcus pneumoniae (23 patients, 4%), Klebsiella pneumoniae (12 patients, 2.2%), Haemophilus influenzae (9 patients, 1.7%) and Pseudomonas aeruginosa (9 patients, 1.7%).
Antibiotic therapies
The most commonly used antibiotic for both empirical and adjusted therapy was amoxicillin/clavulanate (Table  2) . Broad-spectrum antibiotics (cefepime, imipenem, meropenem, piperacillin/tazobactam) or vancomycin were initially administered to 95 patients (17.6%). Empirical antibiotic therapies lasted a mean of 7.5 days after admission. 421 (83.7%) patients received at least one antibiotic intravenously. Empirical intravenous antibiotics were switched to oral administration a median of 4 days after admission (range: 0 -43; Interquartile range: 3). The empirical therapy was adjusted in 168 patients (31.2% of all included patients) ( Table 2 ). Of these, 65 patients (38.7%) had their antibiotics switched because of bacteriological results.
Empirical antibiotic therapy was inadequate in 121 patients (22.4%) and the adjusted antibiotic therapy was inadequate in 46 of 168 patients (27.4%). In both empirical and adjusted antibiotic therapy the most common reason for inadequacy was the use of antibiotics with a too broad spectrum (Table 3 ). The second most common reason for inadequate adjusted therapy was the use of antibiotics ineffective against isolated pathogenic bacteria or against bacteria to be expected according to the postulated infections, or the continuation of antibiotic therapy even after negative cultures ruled out an infection (e.g. in the case of assumed urinary tract infections).
Risk factors for inadequate antibiotic therapy
The univariate analysis of characteristics of patients receiving adequate or inadequate therapy is presented in Tables  4 and 5 . In the multivariate analysis, inadequate empirical antibiotic treatment was associated with female sex (odds ratio for adequate treatment: 0.47, 95% confidence interval 0.31-0.72), no infectious disease diagnosis (OR 0.08, 95% CI 0.01-0.78), the use of antibiotic therapies containing vancomycin or broad-spectrum antibiotics (cefepime, imipenem, meropenem, piperacillin/tazobactam) (OR 0.42, 95% CI 0.26-0.70) and the presence of renal failure (OR 0.58, 95% CI 0.36-0.92). Adequate adjusted antibiotic treatment was associated with antibiotic switch due to bacteriological results (OR 5.13, 95% CI 2.13-12.37).
Discussion
The main findings of this study were that I) 19% of patients admitted through the emergency department received antibiotics empirically. II) Empirical antibiotic therapy was inadequate in 22% and adjusted antibiotic therapy in 27% of cases. III) The main reason for inadequacy was the use of antibiotics with an unnecessarily e Systemic inflammatory response syndrome (SIRS): includes two or more of the following: temperature > 38°C or < 36°C, heart rate > 90 beats per minute, leukocytes > 12,000/µL or < 4,000/µL (band forms were not routinely determined and were therefore not considered), respiratory rate > 20 per minute.
broad spectrum. Finally, IV) we identified risk factors for inadequate empirical antibiotic treatment, such as female sex or renal failure.
I) Antibiotic utilization rate
We found that 19.4% of medical and surgical patients admitted through the emergency department to a Swiss university hospital are started on therapeutic antibiotics within 24 hours of admission. This antibiotic utilization rate is similar to rates reported for medical admissions to an Acute Medicines Assessment Unit in Aberdeen, Scotland (17%) [8] , and to the prevalence of in-patients treated with antibiotics in a Norwegian university hospital (16.6%) [17] and in 8 Swiss non-university hospitals (25%) [9] . Higher antibiotic utilization rates (45.5%) have been previously reported for example from Italian hospitals [18] . However, 84% of patients started on antibiotics in the present study received them in intravenous form, compared to 60% of patients in the Aberdeen study [8] .
II) Inadequacy of antibiotic therapies
The empirical antibiotic therapy was inadequate in 22.4% of our patients. The rate of inadequate treatments among adjusted antibiotic therapies was even higher: 27.4%.
These inadequacy rates compare favourably with published data indicating that as many as 41% to 91% of all antibiotic prescriptions in hospitals are inappropriate [11] . In the Aberdeen study for example, empirical therapy was in accordance with the hospital's antibiotic policy in only 52% of patients [8] . In a recent study in a 650-bed hospital in Cleveland, Ohio, 30% of days of antibiotic therapy were deemed unnecessary [7] . Finally, the study examining the rate of inappropriate antibiotic use at 8 medium-sized Swiss hospitals found that 47% of patients not seen by infectious disease consultants had inappropriate antibiotic treatment [9] .
Thus, inadequate use of antibiotics in our patients does not appear to be more frequent than at other institutions, despite the fact that no restrictive measures regarding antibiotic use are in place at our hospital. The relatively low rate of inadequate antibiotic therapies in this study might be explained by several factors. On one hand, patients on antibiotic prophylaxis were excluded from the present study, and inadequacy rates for antibiotic prophylaxis are frequently higher than for therapy [9] . On the other hand, differences in the populations studied and in hospital's characteristics may play a role. In this sense, three characteristics of our hospital may be relevant: first, an infectious diseases consultation service which has access to all wards of the hospital and which provides consultations with an "academic detailing" approach (each consultation is discussed in a direct conversation with the intern or resident in charge, providing a targeted one-on-one education) ; second, a close collaboration between infectious diseases department and microbiology laboratory (e.g. one microbiologist participates in the daily meeting of the infectious diseases department, where all patients seen by the infectious diseases consultants are discussed and all positive blood cultures are reviewed); and third, the clinical liaison between laboratory and ward through the infectious diseases consultants, who follow-up all positive blood cultures contacting the physicians in charge on the ward and providing oral clinical advice and, if requested, written consultation. Indeed, each one of these interventions has been shown to improve the use of antibiotics [13, 19, 20] .
III) Reasons for inadequate adjusted therapies
Despite the interventions mentioned above, the rate of inadequate adjusted therapies in our study was even higher than the rate of inadequate empirical therapies. The main reason for inadequacy of adjusted therapies was the unnecessary use of broad-spectrum antibiotics. This happened frequently because persistent fever after only 24 to 48 hours of empirical antibiotic therapy was considered to be caused by resistant bacteria, and empirical antibiotics were unnecessarily switched to broad-spectrum antibiotics. The second most common reason for inadequacy was the use of antibiotics that were ineffective against isolated pathogenic bacteria or bacteria to be expected according to the identified focus of infection, or the continuation of antibiotic therapy even after an infection was ruled out by negative culture results (e.g. in the case of postulated urinary tract infections). The failure to adapt therapy to culture results suggests that microbiological investigations had an insufficient impact on the management of patients. A similar problem was observed in the Aberdeen study, where in 55% of patients with clinically significant culture results and an inappropriate empirical regimen, the medication was not changed to a more appropriate antibiotic [8] . Furthermore, researchers at the University of Iowa Hospitals and Clinics have previously shown that the reporting of antibiotic susceptibility testing data of positive blood cultures had only a limited impact on antimicrobial management of patients with bloodstream infections [21] . These observations confirm that the reassessment of empirical therapy after 2-4 days, when most culture results are available and clinical evolution is assessable, is crucial. Counselling of prescribers at this stage appears to be essential and is more likely to be efficacious than at an earlier stage [22, 23] .
IV) Risk factors for inadequate therapy
Most factors identified in the present study by multivariate analysis as being associated with adequate or inadequate antibiotic therapy are not surprising. Antibiotic therapy was more frequently inadequate in patients with renal failure (mainly because of difficulties in establishing the correct dose), and in patients where no infectious disease was identified or postulated (and where antibiotics were usually started only because of fever). In contrast, a change of antibiotic therapy according to results of microbiological investigations was associated with adequate therapy. The association between use of broad-spectrum antibiotics or vancomycin and inadequate empirical therapy confirms that the use of these medications is often unjustified. It is more difficult to explain why women were less likely to receive adequate empirical antibiotic treatment than men. Gender differences in the prescription of treatment or prophylaxis have previously been reported, e.g. for cardiovascular diseases and HIV-infection [24] [25] [26] [27] . To our knowledge however, only one previous study reported that rates of antibiotic use were influenced by gender (females in one New Zealand town received antibiotics more often than males) [28] . This study found also a strong relationship between socioeconomic status and antibiotic dispensing. In our study, women were slightly older than men (mean age ± standard deviation: 65.5 ± 20.4 years, versus 62.3 ± 19.6), and age over 60 years was associated with inadequate empirical antibiotic treatment in univariate analysis. We cannot speculate on the role of socioeconomic status, since we did not collect information on this factor.
The impact of infectious diseases consultations was considered by recording whether infectious diseases consultants were involved within 24 hours of admission or whether they were involved at all. In the univariate analysis involvement of infectious diseases consultants was significantly associated with inadequate empirical therapy (Tab. 4). This can be explained by the fact that consultation is usually required for patients with more severe or difficult to manage infections or with unclear clinical presentation, who are usually started on empirical antibiotic therapy before the infectious diseases consultation is obtained, in order to avoid delays. Thus, adjusted therapies may show more reliably what the effect of infectious diseases consultations was. Indeed, involvement of infectious diseases consultants was associated with adequate adjusted therapy (Tab. 5) in univariate analysis.
The present study has several limitations. In particular, patients started on antibiotics more than 24 hours after admission or who received only antibiotic prophylaxis, patients admitted directly to the wards, and patients who received therapeutic oral antibiotics as out-patients were not included in the study. In addition, only surgical, medical, geriatric, and neurological patients were evaluated. Also, we did not investigate the relationship between adequacy or inadequacy of treatment and clinical outcomes other than in-hospital death. However, this study has also several strengths. Clinical data were raised and evaluated consistently and prospectively in a large defined patient population, and patients were followed until discharge. Furthermore, a large part of in-patients at our hospital, as at other hospitals, are admitted through the emergency department. Hence, our results are clinically relevant for this setting.
Conclusion
In conclusion, despite the absence of a restrictive antibiotic policy, the rate of inadequate antibiotic therapies at our hospital was similar to rates reported from other institutions. This suggests that restrictions in the antibiotic use are not an absolutely necessary component of an antibiotic stewardship approach based mainly on multidisciplinary collaboration, education and close clinical liaison with the bacteriology laboratory. Nevertheless, the present study demonstrated a significant overuse of antibiotics, especially broad-spectrum antibiotics and intravenous antibiotics, and an insufficient consideration of microbiological results. Surprisingly, adjusted antibiotic therapies were more frequently inappropriate than empirical therapies. Thus, interventions aiming at improving antibiotic prescribing should focus on both initial empirical therapy and streamlining and adjustment of therapy. Furthermore, the impact of microbiological results on the clinical management of patients should be improved.
